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® Integrated controlled power MOSFET. 



© A semiconductor device is provided which in- 
^.tiudes a power insulated-gate field effect transistor 
^and a control semiconductor element formed in a 



> common semiconductor substrate (18). A first area 2 ^ y - 



p}(27) is so formed as to provide a drain region of low 
^resistance in the insulated-gate field effect translator 
l^and made in resistivity different than a second re- 
CQgion (24a, 24b) where the control semiconductor 
^| element is formed. It is thus possible to integrate 
0 respective elements in a common semiconductor 
substrate (18), unlike the case where these respec- 
fotive elements are integrated separately into a com- 
mon semiconductor substrate. 
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Semiconductor device 



The present invention relates to a semiconduc- 
tor device which is manufactured by monolithically 
integrating a Power MOS FET, that is a power 
insulated-gate type FET having a drain region of 
high resistance, and a small-signal semiconductor 
element in a single semiconductor substrate in 
which the semiconductor element is employed for 
controlling the Power MOS FET. 

An explanation will be given below of one con- 
ventional form of a composite semiconductor de- 
vice manufactured by monolithically integrating in a 
single semiconductor substrate a Power MOS FET 
having a drain region of high resistance, NPN tran- 
sistor; and MOS transistor. Fig. 1 is a cross-sec- 
tional view showing a semiconductor device. A 
Power MOS FET will be explained below by way of 
example. The semiconductor device as shown in 
Fig. 1 includes N+ drain regions (1, 2) having a low 
resistance, N~ type drain area 3 having a high 
resistance, P type body 4, N + type source region 5 
and gate electrode 6. An NPN transistor will be 
explained below in connection with the semicon- 
ductor device shown in Fig. 1. The semiconductor 
device further includes N+_type collector region 7 
having a low resistance. N type collector area 8a 
having a high resistance. P type base 9, N* type 
emitter 10 and N+ type collector region from which 
a collector current is taken out for external connec- 
tion. 

A CMOS transistor will now be given below in 
connection with the semiconductor device shown in 
Fig.. 1. The semiconductor device further includes 
the CMOS transistor having N~ type area 8b. p" 
type weO 12. N + type drain region 13a and N* type 
source region 13b of an N channel MOS FET 
within a p" type well, gate electrode 15 of an N- 
charmel type MOS FET. p* type drain region 14a 
and p+ type source region 14b of an FET and gate 
electrode 16 of a P channel MOS FET. P* type 
regions 17a and P type region 17b provide an 
electrical isolation, by a PN junction isolation meth- 
od, among the Power MOS FET, NPN transistor 
and C-MOS transistor. 

According to the conventional technique, drain 
are 3 having a high resistance in the Power MOS 
FET, N~ type collector area 8a having a high 
resistance in the NPN transistor and area 8b in the 
CMOS FET transistor are simultaneously formed in 
the semiconductor substrate by an epitaxial growth 
method. In this way, these regions have the same 
resistivity, but an optimum resistivity normally dif- 
fers among the drain region of high resistance in 
the Power MOS FET. high resistance region in the 
NPN transistor, and so on. An optimum resistivity 
value of the drain region having a high resistance 



in the power MOS FET should be about 1 Q*cm, 
for instance, at Vdss = 60V where Vqss represents 
a maximum drain-to-source voltage at the time of 
short-circuiting between the gate and source cir- 

5 cults of an associated transistor. On the other hand, 
an optimum resistivity value of the collector region 
having a high resistance in the NPN transistor 
should be about 6 Q*cm, for instance, at Vzceq - 
60V where Vqeo represents a maximum voltage 

io between the collector and the emitter of an asso- 
ciated transistor with a base open-circuited. If the 
Power MOS FET and NPN transistor are inte- 
grated, as a Power-IC, in a single semiconductor 
substrate, when areas 3 and 8a are so formed as to 

75 have a resistivity value fitted for the NPN transistor, 
then the drain-to-source voltage Voss of the power 
MOS FET becomes greater than necessary with 
the result that the ON resistance per unit area 
becomes much greater. Thus the area of the power 

20 MOS FET necessary to obtain a desired ON resis- 
tance becomes much greater than that when an 
MOS FET is formed as a discrete part, so that 
there is involved a poor yield. Where areas 3 and 
8a are formed with a resistivity value suitable for 

25 the Power MOS FET, restriction is imposed on the 
coitector-to-emitter voltage Vcfd of the NPN tran- 
sistor, making it very difficult to achieve a circuit 
design involved. 

If a semiconductor element and Power MOS 

30 FET having a drain region of high resistance are to 
be monolithically formed on a single semiconductor 
substrate, they are usually formed simultaneously, 
for example, by an epitaxial growth so that they 
have the same resistivity value. This resistivity val- 

35 ue is properly selected in view of the characteris- 
tics of both the elements. In the conventional tech- 
niques it is very difficult to make the characteristics 
of the Power MOS FET within the aforementioned 
composite semiconductor device, such as the ON 

40 resistance and withstand voltage, equal to those of 
the Power MOS FET manufactured as a discrete 
element 

This type of composite semiconductor has ex- 
tensively employed in a quickly expanding applica- 

45 tion field and there is also a wider demand for the 
characteristics of elements integrated. It is very 
important to optimally design integrated elements 
as mutually independent discrete ones. 

It is accordingly an object of the present inven- 

so tion to provide a composite semiconductor device 
which is manufactured by monolithically forming a 
Power MOS FET and control FET on a single 
semiconductor device such that the characteristics 
of such integrated elements, such as the power 
MOS FET in particular, are made equal to those of 
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an element (Power MOS FET) formed as a discrete 
element. 

In the semiconductor device of the present 
invention, a Power MOS FET having a drain region 
of high resistance, as well as a semiconductor 
element for control, is monolithically formed in a 
single semiconductor substrate such that the resis- 
tance value of a first area of the Power MOS FET. 
i.e., a drain region of high resistance, and that of a 
second area of a control transistor element are 
different from each other. 

In the composite semiconductor device of the 
present invention the resistivity value of the first 
area of the power MOS FET, i.e.. the drain region 
of high resistivity and that of a second area, i.e.. a 
control element can be made fitted for element 
formation. The characteristics of respective ele- 
ments thus integrated can be made equal to those 
of elements which are formed as discrete ele- 
ments. The aforementioned feature of the present 
invention can improve a problem, such as an in- 
crease In the ON resistance in particular of the 
Power MOS FET. which occurs due to the same 
resistivity involved between a power MOS FET 
section and a control element section in the con- 
ventional composite semiconductor device. Since 
the area of the Power MOS FET section can be 
made smaller than that of the conventional semi- 
conductor device, it is thus possible to form semi- 
conductor elements at a tow cost in high yield. 

Fig. 1 is a cross-sectional view showing a 
conventional semiconductor device; 

Fig. 2 is a cross-sectional view showing a 
semiconductor device according to one embodi- 
ment of the present invention; 

Fig. 3(a) to Rg. 3(f) show a process of 
manufacturing a semiconductor device shown En 
Rg. 2; 

Fig. 4 is a cross-sectional view showing a 
semiconductor device according to another em- 
bodiment of the present invention; 

Rg. 5(a) and Rg. 5(b) are cross-sectional 
views showing another embodiment of the present 
invention; 

Rg. 6(a) and Rg. 6(b) are cross-sectional 
views showing a semiconductor device according 
to another embodiment of the present invention; 

Rg. 7(a) and Rg. 7(b) are cross-sectional 
views showing a semiconductor device according 
to another embodiment of the present invention; 

Rg. 8(a) to Rg. 8(f) are cross-sectional views 
showing a semiconductor device according to an- 
other embodiment of the present invention; 

Rg. 9 is a cross-sectional view showing a 
semiconductor device according to another em- 
bodiment of the present invention; and 



Rg. 10(a) to Rg. 10(c) are cross-sectionai 
views showing a semiconductor device according 
to another embodiment of the present invention. 
The embodiments of the present invention will 
5 now be explained below with reference to the ac- 
companying drawings. 

Rg. 2 is a cross-sectional view showing a 
semiconductor device according to a first embodi- 
ment of the present invention. Power MOS FET 51 , 
70 NPN transistor 52 and CMOS transistor 53 used for 
controlling MOS FET 51 are all integrated in semi- 
conductor substrate 50. Power MOS FET 51 is 
comprised of high resistance area 27 (first area), a 
drain region comprised of low resistance regions 
75 18, 19 and 21. P type body 30. and gate electrode 

31. NPN transistor 52 used for controlling MOS 
FET 51 is formed within high resistance N" type 
area 24a (second area) and comprised of emitter 

32. P type base 33. and N + type collector 34. 
20 Reference numeral 22 is an N+ type collector, 

which serves to lower the collector resistance. 
CMOS transistor 53 is formed within N" type area 
24b (second area) and comprises an N-channel 
MOS FET; which includes N + type drain 35a, N+ 

25 type source 35b, and gate electrode 35 formed 
within P type well 39, and P-channel MOS FET; 
which includes P + type drain 37a, P* type source 
37b, and gate electrode 38 formed within N~ type 
area 24b. Power MOS FET 51, NPN transistor 52, 

30 and MOS transistor 53 are electrically isolated by P 
type layer 20 and P* type layers 23 and 26 
(element isolation layers). In the embodiment 
shown in Rg. 2. a high resistance drain area (first 
area) in the Power MOS FET has a resistivity value 

35 of about 1 Q*cm and the substrate area (second 
area) corresponding to control transistor elements 
has a resistivity value of 5 to 7 Q*cm, these values 
being property set in the formation of transistor 
elements. 

40 Rg. 3(a) to Rg. 3(f) are cross-sectional views 
showing a principal process in manufacturing the 
aforementioned semiconductor device of the 
present invention. N + type silicon substrate 18 of 
low resistance is prepared with a highly-con cen- 

45 trated antimony doped therein. A highly-concen- 
trated phosphorus is diffused in a low-resistance 
drain formation section of a Power MOS FET in a 
gaseous atmosphere of N, and Oa at 1000° to 
1100°C for 30 to 120 minutes to form N + type 

50 region 19 as shown in Fig. 3(a). P type silicon of 7 
to 10 Q (resistivity) is epitaxiaJly grown on the 
surface of the resultant structure to form a P type 
silicon layer (element isolation layer) about 20 or 
30 um in thickness and then thermally diffused in a 

55 gaseous atmosphere of N* and O, at 1100° to 
1200°C for 12 to 13 hours to form N + type region 
19 as shown in Rg. 3(b). Antimony is diffused in 
the portion of the resultant structure in a gaseous 
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atmosphere of N* at 1100°C to 1200°C for 20 to 
120 minutes to form N + type region 21, corre- 
sponding to a low-resistance drain region in the 
Power MOS FET as welJ as low-resistance area 22 
used as a controlling element A P* type impurity s 
(boron) is diffused for 30 minutes in an element 
isolation area of a formation portion with a gaseous 
atmosphere of 1000°C to 1100°C to form element 
isolation P* type layer 23, as shown in Fig. 3(c). 
Then N~ type silicon layer 24 (phosphorus) is w 
epitaxially grown on the resultant structure so as to 
have a desired resistivity value and thickness, as 
shown in Fig. 3(d). in the embodiment of the 
present invention, an N~ type silicon layer (second 
layer) is formed which has a resistivity value of 5 to 75 
7 0#cm and a thickness of 17 to 20 urn, suitable to 
the formation of the NPN transistor used for con- 
trolling POWER MOS FET. Then a phosphorus ion 
and an impurity concentration of 1 x 10 12 to 1 x 
10 13 cm" 2 used to form N type silicon area 27 are 20 
injected into the Power MOS FET formation section 
at an acceleration voltage of 100 keV. A P* type 
impurity (boron) is diffused tor four hours into an 
element isolation area of a formation portion with a 
gaseous atmosphere of N, at 1000° to 1100°C to 2s 
form element isolation p + type layer 26, as shown 
in Fig. 3(e). The thermal diffusion is achieved in a 
gaseous atmosphere of N* and 0 2 at 1100° to 
1200°C for 8 hours, so that element isolation P* 
layer 28 reaches element isolation P+ type layer 30 
23. In this way, island areas 24a, 24b are formed 
such that they are surrounded with P* and P type 
silicon layers, that is, element isolation P + type 
layers 23 and 26. At this time, N type silicon area 
27 extends in the depth direction, as shown in Rg. 35 
3(f). island areas 24a and 24b are formed as sec- 
ond areas of the controlling element in the sub- 
strate, and N type silicon area 27 is formed as a 
high resistance drain area (first area) in the Power 
MOS FET. In this embodiment, the phosphorus 40 
concentration and diffusion time are so selected as 
to be about 1 Q*cm, a value suitable to the Power 
MOS FET at Vqss = 60V. In this way, the Power 
MOS FET is formed at area 27 and the NPN 
transistor (control) and the CMOS transistor are 45 
formed at areas 24a and 24b, respectively, as 
shown in Rg. 2. 

In the first embodiment epitaxial layer 24 
which has a resistive value suitable to the formation 
of NPN transistor (control), is deposited as shown 50 
in Rg. 3(d), noting that second areas 24a, 24b are 
formed in epitaxial layer 24. Area 27 (first area) of 
Power MOS FET in epitaxial layer 24 is set to have 
a proper resistivity value by means of an impurity 
diffusion method, as shown in Rg. (e) and Fig. (f). 55 

Rg. 4 is a cross-sectional view showing a 
semiconductor device according to a second em- 
bodiment of the present invention. In the first em- 



bodiment, N.type silicon 27 (first area) reaches low 
resistance drain region 21 while, in the second 
embodiment first area 27 may be of such a type 
that it does not reach region 21 in which case 
thermal diffusion is performed in a shorter time 
than in the first embodiment as shown in Rg. 4, for 
example, for 5 hours in a gaseous atmosphere of 
N* and 0» at 1100° to 1200°C. 

Rg. 5(a) and Rg. 5(b) are cross-sectional views 
showing a semiconductor device according to a 
third embodiment of the present invention. In the 
third embodiment phosphorus is doped into a 
semiconductor structure to form low resistance 
drain region 21 in a Power MOS FET and antimony 
is dopes as an impurity in low resistance collector 
region 22 in which case, due to a difference in the 
diffusion coefficient between the phosphorus and 
antimony, N type silicon area 27 is made to be 
more shallow than second area 24a. In Rg. 5(a), 
area 27 is of such a type that it reaches low 
resistance drain region 21 and, in Rg. 5(b), region 
27 does not reach drain region 21 . 

Rg. 6(a) and Rg. 6(b) are cross-sectional views 
showing a semiconductor device according to a 
fourth embodiment of the present invention. In the 
fourth embodiment an area including a Power 
MOS FET is etched to a desired depth. 

N type silicon of a desired resistivity value is 
epitaxially grown onto that etched section to form N 
type silicon area 27a, at which time the surface of 
the resultant structure is ptanarized. 

In Rg. 6(a), region 27a is of such a type that it 
reaches drain region 21 of low resistivity and, in 
Rg. 6(b), region 27a does not reach drain region 
21. 

Fig. 7(a) and Rg. 7(b) show a second embodi- 
ment according to a fifth embodiment of the 
present invention. Although in the aforementioned 
embodiments the drain area of low resistance has 
been explained as having a varying resistivity val- 
ue, it is also possible to vary the resistivity value of 
area 24a in a control element section as the case 
may be. In Rg. 7(a), control element formation area 
(second area) 24a is so formed through impurity 
diffusion as to be made different in resistivity from 
a Power MOS FET formation area. In Rg. 7(b), the 
second area is selectively etched in the semicon- 
ductor structure and a layer is epitaxially grown on 
the corresponding area of the semiconductor struc- 
ture so as to be made different in resistivity from 
the Power MOS FET formation area. 

Rg. 8(a) to Rg. 8(f) are cross-sectional views 
showing a semiconductor device according to a 
sixth embodiment of the present invention. In con- 
nection with the first to fifth embodiments, an ex- 
planation has been made of the semiconductor 
device in which a source current of a Power MOS 
FET is taken out from a first major surface side 
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(the upper surface side) of the semiconductor sub- 
strate and a drain current from a second major 
surface side (the lower surface side) of the semi- 
conductor substrate. 

In the embodiment shown in Fig. 8(a) to Fig. 8- 
(f). source and drain currents of the Power MOS 
FET are taken from the first major surface side of 
the semiconductor substrate. In the embodiment 
shown in Fig. 8 similar reference numerals are 
employed to designate parts or elements corre- 
sponding to those shown in the embodiment of Fig. 
2. Reference numeral 40 shows an N + drain region 
for taking out a drain current of the Power MOS 
FET. The semiconductor device is of such a type 
that the drain area (first area) of high resistivity is 
so formed as to be made different in resistance 
from control element formation area (24a, 24b) and 
that area 27 reaches the drain region of low resis- 
tance. Rg. 8(b) shows a modified form of semicon- 
ductor device in which the first area is so formed 
through impurity diffusion as to be made different 
in resistivity from areas 24a, 24b and that the first 
area does not reach drain region 21 of low resistiv- 
ity. Rg. 8(c) shows a semiconductor device in 
which, after the etching of the first area, a layer is 
epitaxially grown on the surface of the resultant 
semiconductor structure such that it reaches drain 
region 21 of low resistance with the former made 
different in resistivity from the latter. Rg. 8(d) 
shows a form of semiconductor device in which 
after the etching of the first area a layer is epitax- 
ially grown on the surface of the resultant structure 
such that it does not reach the drain region of low 
resistance. Rg. 8(e) shows a semiconductor device 
in which a second region is so formed through 
impurity diffusion as to vary its resistivity value and 
Rg. 8(f) shows a semiconductor device in which a 
second area varies its resistivity value by an etch- 
ing step and epitaxially growing step. Although, in 
order to make the first and second areas different 
in resistivity from each other, the N~ type are of 
high resistance having a lower impurity concentra- 
tion is converted to the N type area of high impu- 
rity concentration in the aforementioned embodi- 
ments, the N type area may be changed to the 
type area either by varying their resistivity values 
through the diffusion of an impurity of the opposite 
conductivity type or by etching the N type area 
and epitaxially growing an N~ type silicon layer of 
a lower impurity concentration. 

Rg. 9 is a cross-sectional view showing a 
semiconductor device according to a seventh em- 
bodiment of the present invention. In the seventh 
embodiment after the formation of N type epitaxial 
layer 24 (see Rg. 3), an impurity (boron) of the 
other conductivity type is diffused into area 27 in a 
Power MOS FET to form N type area 27 as N~ 
type region 40. 



The present invention can also be applied to 
Power MOS FET in another element isolation struc- 
ture. 

Rg. 10(a) to Rg. 10(c) show additional semi- 
5 conductor devices according to the present inven- 
tion, that is, a device fabricated by a PN isolation 
method, device fabricated by a self isolation meth- 
od and device fabricated by a dielectric isolation 
method, respectively. 

10 

Claims 

1. A semiconductor device including a power 
75 insulated-gate field effect transistor and control 

semiconductor element formed in a common sub- 
strate, characterized in that 

a first area (27) is so formed as to provide a 
drain region of high resistance in the power 

20 insulated-gate field effect transistor, said first area 
having a predetermined resistivity value; and 

a second area (24a, 24b) is so formed as to 
provide the control semiconductor element having 
a resistivity value different from said predetermined 

25 resistivity value. 

2. A semiconductor device according to claim 
1, characterized in that said power insulated-gate 
field effect transistor is of such a type that a source 
current is taken from a first major surface side of 

30 said semiconductor substrate (18) and a drain cur- 
rent is taken from a second major surface side of 
said semiconductor substrate (18) which is situated 
on a side opposite to a side where said first major 
surface is situated. 

36 3. A semiconductor device according to claim 
1, characterized in that said power insulated-gate 
field effect transistor is of such a type that source 
and drain currents are taken from a first major 
surface side of said semiconductor substrate (18). 

40 4. A semiconductor device according to claim 
1, characterized in that said first area (27) is 
formed by selectively etching an area where said 
power insulated-gate field effect transistor is 
formed and forming a layer at that area by an 

46 epitaxial growth method. 

5. A semiconductor device according to claim 
1, characterized in that said second area (24a, 
24b) is formed by selectively etching an area 
where said control semiconductor element is 

so formed and forming a layer at that area by an 
epitaxial growth method. 

6. A semiconductor device according to claim 
1, characterized in that one of said first area (27) 
and said second area (24a, 24b) is impurity-dif- 

55 fused so as to be made different in resistivity from 
the other area 
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7. A semiconductor device according to claim 
1. characterized in that said first area (27) in said 
power insulated-gate field effect transistor is 
formed such that it is in contact with a drain region 

(21) of low resistance in said field effect transistor. 5 

8. A semiconductor device according to claim 
1, characterized in that said first gate (27) in said 
power insulated-gate field effect transistor is of 
such a type that it is not in contact with a drain 
region (21) of low resistance in said field effect w 
transistor. 
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